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•A B S T RAe T
This thesis presents results of an experimental investigation to
determine the fatigue strength of fillet-welded tees subjected to trans-
verse bending. The program is part of a project to study fatigue behavior
of slender web welded plate girders, and the tees represent the web-to-
flange junction of such girders. Two methods of testing were used; the
conventional method yielding an S-N curve, and Prot's accelerated method
indicating an endurance limit. The results are presented and their
effect on fatigue failures in full-scale girders is discussed. Also, the
work of previous investigations is reviewed along with a discussion of
the applicability and reliability of Prot's Method.
The results of the program show that, for fillet welds in mild
steel subjected to transverse bending stresses without stress reversal,
the fatigue limit is very close to the yield strength of the material .
. These results indicate that the stresses introduced by web deflection
cannot of themselves account for the reduction in fatigue life of a
slender web plate girder. Future studies should take into account not
only these stresses but the membrane stresses as well.
The results obtained from using Prot's Accelerated Method are
unreliable and indicate that the method, as presented, is not satisfactory
for this type of test.
"•
1. I N T ROD U C T ION
1.1 BACKGROUND AND PREVIOUS STUDIES
In recent fatigue studies conducted on welded plate girders it was
found that the fatigue strength cannot be regarded as simply equivalent to
that of welded I-beams. (1) The principal reason is that large lateral
web deflections occur in slender web plate girders. Although these de-
flections do not control the ultimate static strength of the girders they
do affect the fatigue life. Repeated loads cause fluctuation of these
large web deflections creating fluctuating plate bending stresses in the
web, sometimes with magnitudes along web boundaries as high as the yield
point of the web material. Superimposed upon these plate bending stresses
are the primary girder shear and bending stresses in addition to tensile
residual stresses along the welded web boundary. It is apparent that
this high concentration of stress should be critical and, indeed, cracks
were observed along the web-to-flange connection and stiffeners.
Because the plate bending stresses calculated from actually
measured web deflection were so high, and because the nature of combined
stresses at the web boundary is not exactly known, it was decided that a
basic study of the web-to-flange connection subjected to bending of the
web would be necessary as a first step in predicting the fatigue behavior
of the girder under the combined stresses.
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Although much study has been devoted to the fatigue behavior of
fillet welds, (2) practically all of the previous fatigue work has been
concerned with either the tensile or shearing strength of the welds. In
1935 Roberts(3) in England, and in 1937 Thurn and Erker(4) in Germany
published results of fatigue tests performed on fillet-welded tee sections
subjected to complete reversal bending stresses. Roberts tested five
specimens using 5,000,000 cycles as run-out giving ±18,000 psi as the
endurance: limit. Thurn and Erker used 10,000,000 cycles as run-out and
found the endurance limit to be ± 12,000 psi. Although both of these
results are pertinent to the present study, they are not directly appli-
cable since the weld in the plate girder is subjected to bending stresses
in one direction only.
1.2 OBJECT AND SCOPE
The object of this study was to obtain an S-N curve and deter-
mine the fatigue limit and fatigue strength of a fillet-welded tee con-
nection subjected to bending of the web stem. The endurance limit was to
be determined using two different methods of fatigue testing:
(1) The conventional constant stress amplitude
method.
-3
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(2) The accelerated method with constantly
increasing stress amplitude as proposed
by Marcel Prot. (5)
The results of the conventional method are presented in the form of an
S-N curve obtained by establishing 4,000,000 cycles as run-out. Prot's
Method was used to verify or confirm the endurance limit obtained by the
conventional method, and to ascertain the reliability of Prot's Method
for-this type of test.
A further objective is to explore correlation with tests of
full-size girders. It is hoped that from the S-N curve it may be possible
to estimate fatigue life of plate girder flange-to-web junctions where
bending of the web occurs.
-4
2. PRO T ' SAC eEL ERA TED MET HOD a F
FAT I G U E T EST I N G
The conventional method of fatigue testing has several short-
comings, mainly the following:
1. To obtain an accurate S-N curve a large number of
specimens must be tested, and usually the points
are quite scattered.
2. The tests take a long period of running time.
3. An arbitrary limit must be set for the number of
cycles which constitute the endurance limit.
To improve the method of predicting the endurance limit, a
technique was proposed in 1947 by E. M. Prot. In this method tests would
be run at progressively increasing, alternating stresses (Fig. lb) as
opposed to a constant stress amplitude used in the conventional method
(Fig. la). An obvious advantage of Prot's Method is that each specimen
will ultimately fail. The method is based on the following assumptions:
1. The test material has an endurance limit.
2. The S-N curve has the shape of an hyperbola
which is asymptotic to the vertical axis and
the endurance limit.
3. The mechanism of failure is caused by the growth of
microscropic cracks and can be expressed as the
number of ruptures molecules per cycle, and is
proportional to the amount of stress above the
endurance limit.
-5
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The derivation of Prot's Method can best be shown in a graphical
presentation. In Fig. 2, curve Cl is an ordinary S-N curve relating
failure stress, S, with number of cycles of failure, N. Cl and C2 are
similar S-N curves which would result from two conventional test programs
using two different stress ratios. Dl is the damage area required to
produce failure under constant stress amplitude, SF represents the maximum
-6
stress, S is the mean stress.
m
D2 is the damage area required to produce
failure at stress SF under a stress amplitude increase of ~ psi per cycle.
SE is the endurance limit.
From the geometry of Fig. 2
Dl = (SF -
1
D2 = '2 (SF - S ) dE
(1)
(2)
From Miner's Hypothesis~6) equal damage must be done to produce
failure, hence
and from Eqs. (1) and (2)
or
d = 2N
However, from Fig. 2
(3)
Therefore,
d = 2N (4)
•Since Cl has the shape of an hyperbola (Assumption 3) the product of the
ordinate times the abscissa is a constant K which can be written as
K = (S - SE) N
or
N K= S
-SE
From Eq. 4
S
- SE
N = 2 a,
Thus
or
(S - S )2 = 2 a, K
E
Let
2 K be called K
then
S - SE = K a,
S = S + K a,E
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which indicates a straight line variation between Sand
equation when a, = 0, S = SE.
0,. From the above
As shown in Fig. 3, the results of the test are presented by
plotting the square root of a, against the failure stress SF for each
specimen, and then passing a straight line through the test points.
The intercept of this line with the SF ordinate at the point where a, equals
••
zero would be the value of stress at the endurance limit. In a typical
test series, loads are increased linearly using a different increase of
stress amplitude rate, ~ psi per cycle, for each specimen.
A few experimental investigations have been performed in an attempt
to determine the reliability of Prot's Method. Some of their findings are
summarized below. Enomoto(7) tested mild steel rotating beam specimens
by Prot's Method and reported good correlation of endurance limit with
that found by the conventional method. Three series of tests at mean
stress values of zero, 50 and 75 percent of the endurance limit showed
that the choice of mean stress had no effect on prediction of endurance
limit.
Ward, Schwartz and Schwartz(8) used Prot's Method to test plain
and welded rotating beam specimens of heat-treated SAE 4340 steel. For
the plain specimens the method gave a good estimate of the endurance limit
but for the welded specimen only a fair estimate. They concluded that the
results justified further investigation of the method.
Swindlehurst(9) applied Prot's Method to welded tension specimens
and found conflicting results which he attributed to poor geometric shape
of the test specimen. He noted that for mild steels low values of ~
should be used, increasing the testing time and reducing the time saving
advantage of the method.
Hijab(lO) conducted a statistical appraisal of Prot's Method and
concluded that:the "Prot Method cannot hope to achieve any saving in the
number of specimens necessary to determine the endurance limit". Hijab's
-8
paper is, in effect, a strong critical review of Prot's method in which
he emphasizes the weaker points in Prot's assumption.
f d D 1 (11) d d d· f dCorten, Dimo f an 0 an reporte goo pre ~ction 0 en urance
limit by Prot's method for ferrous metals subjected to completely reversed
bending stresses. They noted that for metal which was not susceptible
to coaxing the choice of various initial stresses led to approximately
the same value for the endurance limit. However, for metals susceptible
to coaxing they found the Prot procedure afforded an opportunity for
coaxing to occur which appreciably raised the estimated endurance limit
as compared to the value obtained by the conventional method.
Because most of these studies were performed either in direct
stress or as rotating beams (complete stress reversal), and because the
results vary widely, it was intended to determine the endurance limit of
tees subjected to fluctuating stresses by the Prot Method as a mutual
check with the results obtained from the conventional method.
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3. T EST S P E C I MEN SAN D T EST I N G MAC H I N E
3.1 TEST SPECIMENS
The test specimens for this program were fillet-welded tee sections
which simulated the flange-to-web junction in a slender web welded plat~
girder (Fig. 4, Part C). To eliminate size effect of model specimens
with very thin web, the actual thickness of girder webs was decided upon.
A 3/16 in. web was originally planned. However, loading and deflection
characteristics of the testing machine (Section 3.2) dictated a more sturdy
web, and two thicknesses, 5/16 in. and 3/8 in., were chosen to increase
the accuracy of experimentation. Also, it would be possible to detect the
sensitivity of the effect that the thickness would have on the results of
this type of test. ASTMA 36 steel was used.
To obtain specimens of uniform size and quality, they were cut from
small welded I-beams. Two such I-beams were fabricated, each 6 ft. long
by 7 in. deep (Fig. 4). The beam with 5/16 in. web had 3/16" fillet welds,
the one with 3/8 in. web had 1/4 in. fillet welds. Both I-beams were
fabricated in a manner similar to that for full-scale plate girders.
Welding was done by the submerged arc process on an automatic machine with
two welding heads welding simultaneously each side of the web. The I-beams
were cut into 2 in. lengths forming I-sections, Fig. 4, Part A, which were
then cut in half to form tee sections, Fig. 4, Part C. At one end of each
I-beam a 10 in. length, Fig. 4, Part B, was cut to form two special tensile
coupons as shown in Fig. 5.
-10
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These coupons were tested on a Tinius Olsen mechanically operated
universal testing machine having a 120 kip capacity, and equipped with an
automatic load-strain recording device. A typical stress-strain curve for
the tensile coupon tests is shown in Fig. 5. The average static yield
stress for the 5/16 in. web was 36.6 ksi, and for the 3/8 in. web was
33.0 ksi. These results are presented in Fig. 5 along with those obtained
by the steel manufacturers.
3.2 TESTING MACHINE
The fatigue tests were performed in the Amsler High Frequency
Vibrophore Fatigue Testing Machine, Fig. 6. It is a high speed reso-
nance type machine which can be used for tension-to-tension, tension-to-
compression, and compression-to-compression tests. The machine has a
load capacity of 10 tons, and a maximum frequency of 14,000 cycles per
minute. The testing frequency is a function of the specimen, always
coinciding with the natural frequency of the vibrating elements; namely,
the driving mass, the specimen, the load measuring dynamometer, and the
counter mass. Figure 7 shows the working principles and elements. The
system is maintained at resonance by a driving magnet, controlled by a
feed-back system. The load amplitude is measured by the reflection of a
beam of light from a mirror attached to the dynamometer onto a load scale.
For static tests, when the load amplitude is zero, this light band reduces
to a thin line on the load scale. The magnitude of load is automatically
maintained by means of a photo-cell controlling this optical, electrical
feed-back system. Fluctuations in line voltage have a negligible effect
on the performance of the testing machine.
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A programming device is provided with the machine, whereby the
load can be varied arbitrarily upward or downward. The device, used for
the Prot Tests, runS independently of the operation of the testing machine.
A drum rotating at a constant speed has an electrical contact on its
surface. If a point attached to the load-maintaining photo-cell makes
contact with the drum, an electric drive adjusts the load by breaking
contact between the point and drum, Fig. 8. As the drum rotates this
causes a repeated contact, break-contact cycle which raises or lowers the
load linearly; the rate of load increase being a direct function of the
drum speed. The drum speed can be manually changed and is pre-set before
each test.
-12
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4. T EST PRO C E D U R E
4.1 CONVENTIONAL METHOD
In the conventional method of fatigue testing a specimen is sub-
jected to cyclic loads ,of constant magnitude, that is, the stress range
or amplitude remains constant until failure or run-out occurs. Run-out
occurs when a specimen withstands, without failure, the pre-determined
number of load cycles which represents the fatigue limit for that series
of tests; In the present program 4,000,000 cycles was selected as the
"run-out" value. This value was selected after evaluating the performance
of the small specimens and the large girders. In the latter, the objective
was to attain 2,000,000 cycles without failure. It seemed desirable to
select a greater number of cycles for these small specimens, and therefore
the somewhat arbitrary value of 4,000,000 cycles was selected.
For testing} the flange of each tee specimen was gripped in a
specially fabricated fixture attached to the movable head of the testing
machine. The web extended horizontally and as the movable head lowered,
the specimen was loaded as a simple cantilever beam by an anvil fixed to
the load measuring dynamometer, Fig. 9.
The tees were subjected to repeated stresses from 5 ksi to maxi-
mum. The minimum stress was held at 5 ksi because the minimum load had to
be greater than zero to prevent the tee from lifting off the anvil. Also,
-13
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strain measurements on full-scale girders indicated minimum stresses
slightly above zero. Strain gages were located about 1/2 in. from the
inside face of the flanges. It was recognized that the critical section'
was at the toe of the fillet weld where stress concentration would occur
and where failure actually developed for all the specimens. Yet the
practical application of strain gages at this critical section was impossible.
Since the purpose of the study is to simulate the flange-to-web junction
of a girder to investigate the behavior of such a junction as a structural
component, not to study the actual internal stress condition, strain gages
at short distances away from the weld toe afforded a direct comparison to
those similarly located gages on large-size plate girders.
A sample calculation for a typical test specimen is presented
in Fig. 10. Using elastic theory and knowing the structural properties
of the specimen, loads were calculated which would produce desired minimum,
mean, and maximum stresses at the toe of the weld. Also, using E
29,600,000 psi, it was possible to calculate the strain at the critical
section, and by straight line interpolation find the corresponding strains
at the location of the strain gage.
As mentioned before, accuracy of loading is a factor in the
investigation. The smallest magnitude of load which could be read with
accuracy was 20 lbs. which corresponded to about 30 micro-in. per in. of
strain at the gages. Since the strain could be read accurately to 5
micro-in. per in., strain readings were used as the loading guide.
•The specimen waS loaded statically until the calculated minimum
strain was reached, and the machine load was read. The specimen was then
loaded to the mean strain, and again the machine load was read. The dif-
ference between minimum and mean load waS added to the mean load to give
the maximum load:
-15
p
mean
p. = p
m~n. max.
p
mean
This criterion was used because for many tests the maximum calculated
stress was greater than the yield stress of the material.
After establishing the values for P. ,P ,and P the
m~n. mean max.
specimen was vibrated immediately between the minimum and maximum loads.
A cathode ray oscilloscope was used to observe the dynamic strains during
fatigue loading. In practically all cases, the range of strain remained
constant to fatigue failure or run-out occurred. However, it should be
understood that the specimens were run at constant load, not constant
strain. The 'Vibrophore is equipped with a load maintainer which was
engaged to insure a constant load at all times. The machine also has a
sensitive shut-off switch which stopped the machine at any sudden change
in load. For several specimens the machine stopped itself as soon as a
crack fo'rmed. Upon re-starting the machine no crack waS visible on these
specimens and they supported the loads for several cycles, but upon close
observation with a magnifying glass the crack was observed to open as
failure occurred. The criterion for failure was set for that point at
which the specimen could no longer maintain the maximum load; this always
coincided with the crack opening at the edge of the specimen.
•Commencing at a calculated stress value of 40 ksi and decreasing
by stress increments of 2.5 ksi, two specimens were tested at each stress
level, until a stress was reached at which both specimens run 4,000,000
cycles without failure. This procedure indicated a fatigue limit of ap-
proximately 32.5 ksi. For the purpose of establishing an S-N curve, all
of the remaining specimens for the conventional method were tested at
calculated stress levels between 32.5 ksi and 60 ksi in increments of
2.5 ksi. Four specimens (two for each web thickness) were tested at most
of the stress levels with an emphasis on high concentration of test points
near the "knee" of the S-N curve.
4.2 PROT'S ACCELERATED METHOD
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For Prot's Method, again the load was indicated through strain
gages mounted on the specimens. After a specimen was loaded to the mean
load which produced a desired mean stress and strain, the programming device
was started. The drum rotated and raised the maximum load at a constant
rate until failure occurred. As the maximum load waS increasing, the mini-
mum load waS decreasing at an equal rate so that the mean load remained
constant. Different drum speeds were used to produce different rates of
load increase and consequently different ~ values.
For reasons which are discussed later, the specimens did not
fail before the minimum load reached zero. At this point the mean load
was adjusted to keep the minimum just above zero so that the tee would not
. lift off the anvil, Fig. lla, while the rate of maximum increase continued
constant as controlled by the rotating drum. After several specimens were
tested starting from several different mean loads, it was decided to
fabricate a fixture which would clamp the tee to th~ anvil, Fig. 12, per-
mitting the minimum load to go below zero, Fig. llb. In this manner the
mean load could be held constant until failure occurred. A roller was
placed between the fixture and the tee at the anvil to insure against
fixity at the end of the cantilever. Strain readings were used to check
the loads after the fixture was in place.
-17
5. RES U L T SAN D DIS C U S S ION
5.1 TEST RESULTS BY THE CONVENTIONAL METHOD
The results of tests by the conventional method are presented in
the form of an S-N curve. Figure 13 shows the results of 5/16 in. web
tees and are listed in Table 1. The S-N curve is fitted by the method of
least squares using a computer. The endurance limit is about 35.8 ksi,
being about 58 percent of the tensile strength of the parent material. For
tees of 3/8 in. web thickness, the results are plotted in Fig. 14 and
listed in Table 2. The endurance limit as indicated by the S-N curve is
36.5 ksi which is 61 percent of the tensile strength of the parent material.
Because the results do not seem to vary appreciably with the
slight difference in web thickness of the specimens, all the test points are
plotted in a single diagram, Fig. 15. The S-N curve for the whole group
gives an endurance limit of 36 ksi, about 54 percent of the average tensile
strength of the parent material. A corresponding S-N curve plotted in
logarithmic scale is shown in Fig. 16. From the shape of this curve it
appears that a lower fatigue limit may have been found if run-out had been
selected at a higher number of cycles than 4,000,000. Although the scatter
of test points is pronounced, the increase of fatigue life with decreasing
stress is evident. Judging from the slope of the S-N curve in Fig. 15, the
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estimation of endurance limit using an arbitrarily chosen fatigue life of
4,000,000 cycles seems satisfactory for the present study.
A fatigue limit of 36 ksi is as high as the yield point of the
parent material, much higher than that for fillet welded joints under shear
(such as partial length cover plates on beams). To check the static strength,
static bending tests were conducted on tee specimens exactly as those used
for the fatigue tests. The recorded strains from gages are plotted against
applied load in Fig. 17 for a 5/16 in. thick specimen. The strains follow
fairly closely those theoretical values as shown in the figure, and the
points on the experimental curve show very little scatter. A further
check was made by measuring the deflections in the elastic range only for
the cantilevered tees at the point of load application. Stresses calculated
from these deflections are higher than those obtained from strain measure-
ments. However, considering the possibility of small rotation of the canti-
lever, a consistently higher stress must be expected. These static test
results are listed in Table 3.
To compare the present fatigue results with similar findings by
previous investigators, a modified Goodman diagram (AWS-WRC diagram) is
constructed as Fig. 18. Line A corresponds to results of Thurn and Erker, (4)
who tested fillet welded tees subjected to alternating bending stresses and
considered 10,000,000 cycles as run-out. Line B is for results of Roberts(3)
who performed similar tests but considered 5,000,000 cycles as run-out.
The ultimate tensile strength for B is higher than that for A.. For the
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current investigation, line C1 is drawn through the ultimate tensile strength
determined from the tensile coupons at Fritz Engineering Laboratory, whereas
line C is through that from mill test reports (68 ksi). The fact that one
line is above the other could be attributed partly to the difference in
the number of cycles, and partly to the difference in ultimate tensile
strength as a result of strain rate differences. In any event, it appears
that the results show good correlation with each other.
These results indicate that the fatigue limit for fillet welded
web stems under bending is relatively higher than for other welded joints.
Such high fatigue limit should not be surprising considering the stress
gradient across the thickness of the web. For a 5/16 in. thick tee at a
maximum stress of 31 ksi in the extreme fiber, the gradient is about 200 ksi
per inch. At a distance of .04 in. below the surface (about the eighth
point of the thickness), the stress is only 23 ksi. This stress condition
certainly must not be compared directly with those of uniform tension or
high tension having a slight stress gradient.
5.2 APPLICABILITY OF PROT'S METHOD FOR BENDING TESTS
As mentioned earlier, although the test results of the Prot
accelerated method may serve as a check for the conventional method, they
also may indicate the applicability of Brot's method to the specimens under
study. The results obtained from Prot's method are presented in Fig. 19
and the data is tabulated in Table 4.
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It can be seen in Fig. 18 that specimens were grouped into three
series with a mean stress of 30 ksi, 25 ksi, and 10 ksi respectively. For
the 30 ksi series, 3 specimens were tested; for the 25 ksi series, 6 speci-
mens were tested. None of the specimens in these two series failed before
the minimum stress reached zero, and the mean load had to be raised to cause
failure (Fig. lla). Theoretically this procedure is not in accordance with
Proto's method since the value of ~ was not kept constant and therefore these
results should not be directly compared with results of the third series
where 14 specimens were tested and the mean stress was kept constant (Fig.
lIb). Nevertheless straight lines are drawn for all three series to give
stress magnitudes at the ordinate of the diagram. The values so obtained
for crm = 30 ksi was 61 ksi, for cr = 25 ksi was 56 ksi and for cr = 10 ksi
m m
was 50 ksi. These predicted endurance limit values differ from each other
and are significantly higher than the value obtained by the conventional
method.
Because the testing process was identical for the first two series
(cr = 30 ksi and cr = 25 ksi), and the results differ with different mean
m m
stress values, it is possible that the results obtained by Prot's method
for this type of test may be dependent upon the mean stress value.
From the results of the first two series it may be concluded that,
unless a very small ~ value is used, tee specimens subjected to bending will
not fail before the minimum stress reaches zero. However, the use of very
small values of ~ means a long testing time, thus nullifying the advantage
of this testing method.
-21
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The third series of specimens (cr = 10 ksi) was tested according
m
to Prot's speculation. The resulting endurance limit should be close to
that obtained from the conventional method if the Prot method is applicable
to the present study. The results are quite different. Without enough
knowledge on the effect of "coaxing" and the effect of high stress gradient,
it cannot be concluded that Prot's method could not find application.
However, it is evident that this method as it is presented cannot be applied
to bending of tee sections unless certain refinements and limitations are
incorporated into the procedure.
5.3 EFFECT OF WEB BENDING ON GIRDER STRENGTH
The results of the present study indicate that the bending stresses
alone produced by web deflections in welded plate girders probably are not
the critical stresses causing initial crack formation along web boundaries.
The present test results showed a fatigue limit of 36 ksi after 4,000,000
cycles, whereas in plate girder tests cracks were observed along web
boundaries after 2,000,000 cycles at a stress of approximately half the
above value. This inconsistency cannot be attributed to bending stresses
if the present experimental technique is a reliable simulation of full-scale
~irder conditions. The explanation possibly is that membrane stresses exist
in addition to the bending stresses. A tension field forms along the
diagonal of each panel in a girder, effectively transforming the girder to
a hypothetical Pratt truss. This action introduces direct stresses which
would be added to the bending stresses. A next step toward understanding
the true fatigue behavior along a web boundary would be to test fillet welded
-22
specimens subjected to combined bending and tension. The results of such
tests would determine which type of stresses should be analyzed next, if
any. By continuing these studies on the effect of isolated stress conditions
with many small specimens, one would acquire a full understanding of how
these isolated stresses combine in a structure. Then tests on full size
structures, such as plate girders could be conducted with a knowledge of
the true behavior in each component part. Indeed, the fatigue study of a
structure should consist of
1- A primary study of each component part.
2. A complete study of how these component parts
behave and affect each other when they are
combined and forced to act together in the
structure.
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6. SUMMARY
The results of the present experimental study on the fatigue
strength of fillet welded tees subjected to bending of the stem can be
summarized as follows:
1. . The fatigue limit for fillet welded tees of mild steel
subjected to repeated bending stresses rrzero to
maximumff ) is approximately 36.0 ksi or 54 percent of
the average static ultimate stress of the parent
material.
2. The effect of a small difference in web thickness
(5/l61f vs. 3/8If ) on the fatigue limit seemed to be
negligible (Figs. 13, 14, and 15).
3. The conventional method was used for testing 32 specimens
and yielded an S-N curve and fatigue limit which compared
favorably with previous investigations of fillet welds
subjected to complete reversal bending stresses.
4. The Prot method was used for testing 26 specimens and
indicated three different endurance limits depending
on the choice of initial mean stress (Fig. 19). The
results obtained from the method showed very poor
correlation with those obtained from the conventional
method.
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5. The results indicate that, taken by themselves, the
transverse bending stresses induced by lateral web
deflections in slender web welded plate girders
probably are not the critical stresses causing
initial crack formation along web boundaries.
6. It is suggested that future studies should investigate
the effect of combined bending and tension stress on
tee specimens simulating the flange-to-web junction
in welded plate girders.
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Fig. 1 CONVENTIONAL AND ACCELERATED TESTING PROGRAM
-28
FAILURE
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Fig. 2 DERIVATION OF PROT'S METHOD
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a = Rate of Stress Increase (psi/CYCle)
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Fig. 3 PROT'S PLOT TO ,DETERMINE ENDURANCE LIMIT
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Fig. 4 TEST SPECIMENS
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MECHANICAL PROPERTIES OF SPECIMENS
MILL TE,ST RESULTS FRITZ-LAB COUPON TEST RESULTS
Static
Specimen Web Yield Tensile . Elong. Yield Ultimate Elong.
Number Thickness Point Strength % 8 in. Strength Strength % 2 in.
(in. ) (psi) (psi) (psi) (psi)
CPI 1 5/16 42,600 66,500 28.0 37,520 62,130 39.8
CPI 2 5/16 42,600 66,500 28.0 37,690 62,060 39.9
CPI 3 3/8 43,800 70,800 26.0 33,020 59,890 40.8
CPI4 3/8 43,800 . 70,800 26.0 32,990 59,520 40.2
\ .
40
Extensometer Removed
~---,--
30
STRESS
(ksi)
Static Yield Level
J
ICPII
I 1.2~~1.. lO"
20
10
o 2 3 4
STRAIN (inti )
. In.
5 .6 7
Fig. 5 TYPICAL STRESS-STRAIN CURVE FOR TENSION COUPONS
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Fig. 6 TESTING MACHINE
612
2
II
1 - Main moving mass
2 - Opposing mass
3 - Specimen
4 Dynamometer
5 - Pre-load spring
6 - Optical projector
7 - Dynamometer scale
8 - Diaphragm
9 -. Photo-electric cell
10 - Impulse generator
11 - Driving magnet
12 - Amplifier
13 Oscillating mirror
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Diagram showing working principle
of the Vibrophore(21)
VIBROPHORE OPERATING DATA
High Frequency Vibrophore
Serial Number
10HFP422
rom ±0.6
cycles per second 60 300
watt 200
watt 700
in % ±1.5
in. kg. ±25
in. kg. ±5
1/0
rom 540
rom 400
about kg. 700
about kg. 1800
Maximum alternating load
Maximum unilateral tensile or
compressive load
Maximum elastic elongation on specimen
Range of frequency
Maximum output of amplifier
Power input
Accuracy of dynamometers
Maximum error of dynamometer No. l'
Maximum error of dynamometer No. 2
Load constancy at ±10% fluctuations of
the line voltage: better than
Maximum distance between specimen holders
Free space between the columns
Total weight without base block
Weight of base block
metric tons
metric tons
±5
10
1
Fig. 7 VIBROPHORE WORKING PRINCIPLES
AND OPERATING INSTRUCTIONS
iF
A - Rotating Drum
B - Electrical Contact (Pointer)
C - Load Scale
Fig. 8 STRESS INCREASING DEVICE
....... ,. .
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Fig. 9 SPECIMEN IN TESTING MACHINE
LetE = 29,600,000
a
e = -.G E
e
L2 eG L1 c
e
L2 PL1
=-
---G L1 S E
or a L2e =-SG E ~1
Example:
a = 45 ksi
max.
a = 25 ksi
mean
a = 5 ksi
min.
S bi I b i= - =-\]t 6 12
.. a = Nominal Stress
p a =Mc = PL1
c I S
IT
PL1
=-
c S
a
PL2
G S
a = Stress at Critical Section
c
aG·
= Stress at ·Strain Gage
e = Strain at Strain Gage.G
.. . " " "L1 = 2.00; L2 = 1.50; t = .370; b = 1.965
S = '~446 in. ~
M = a S
mean, mean
- 25(.0446)
= 1115
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eGmax.
eGmax.
="'45000(1.5)
2.0(29.6)
= 1140 min. lin.
P
mean
P
mean
M 1115
=-=-
. L 2.0
= 557.51bs .
,
eGmean = .633 min. lin.
e = 127 min. lin.Gmin.
Fig. 10 SAMPLE CALCULATION OF LOAD-STRAIN
RELATIONSHIP
STRESS
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TIME
a) Prot Test Without Stress Reversal
STRESS
TIME
b) Prot Test With· Stress Reversal
Fig. 11 TEST PROCEDURES USED FOR PROT'S METHOD
Fig. 12 TEST SPECIMEN WITH FIXTURE FOR STRESS REVERSAL
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Fig. 15 S-N CURVE FOR ALL SPECIMENS
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Fig. 17 LOAD-STRAIN CURVE FOR TEE IN BENDING
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-MIN o + MIN
• A-Thurn a Erker, N = 10,000,000 Cycles
B- Roberts. N =5.000.000 Cycles
C- Present Study, N = 4.000.000 Cycles. (<Tuft =68 ksi)
Cr Present Study, N = 4.000.000 Cycles. (<Tuft =62 ksj)
Fig. 18 MODIFIED GOODMAN DIAGRAM
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..
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Fig. 19 RESULTS OF TESTS USING PROT'S METHOD
.. TABLE 1 FATIGUE TEST RESULTS FOR 5/16 11 WEB TEES
(Conventional Method)
SPECIMEN MAXIMUM MINIMUM
NUMBER STRESS STRESS CYCLES TO FAILURE'-
18 60 5 114,000
11 60 5 186,000
10 55 5 484,000
lOA 55 5 300,000
17A 50 5 472,000
18A 50 5 305,000
23 45 5 1,733,000
17 45 5 2,801,000
24 40 5 1,850,000
-.. 24A 40 5 3,598,000
12 37.5 5 608,000
6 37.5 5 1,305,000
12A 32.5 5 4,568,000"\-
.. 6A 32.5 5 4,000,000"\-
*Run-out test stopped
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• TABLE 2 FATIGUE DATA FOR 3/8 11 WEB TEES
(Conventional Method)
SPECIMEN MAXIMUM MINIMUM
NUMBER STRESS STRESS CYCLES TO FAILURE',
57 55 5 159,000
57A 55 5 342,000
24A 52.5 5 960,000
38A 52.5 5 484,000
24 50 5 1,027,000
51 50 5 593,000
51A 47.5 5 1,778,000
38 47.5 5 324,000
44 45 5 672,000
.'
44A 45 5 449,000
45 42.5 5 529,000
45A 42.5 5 554,000
39 40 5 4 000 000 *, ,
•
56A 40 5 1,018,000
50A 37.5 5 2,836,000
50 35 5 1,588,000
" 56 35 5 4,000,000i(
39A 32.5 5 4,000,000*
*Run-out test stopped
"
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TABLE 3 STRESS VALUES COMPUTED FROM LOAD, STRAIN,
AND DEFLECTION MEASUREMENTS
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TABLE 4 RESULTS BY PROT r S METHOD
..
MAXIMUM
TEST SPECIMEN MEAN FAILURE
SERIES NUMBER STRESS a, STRESS
(ksi) (ksi)
1 4 25 .045 62.5
, 22 25 1.133 87.5
22A 25 .453 87.5
32A 25 .453 87.5
58 25 .110 66.8
58A 25 .453 77 .5
32 30 .842 89.2
2 33 30 .0066 69.2
46 30 .332 78.6
55 10 .. 460 57.5
42 10 .092 53.7
59 10 .920 57.5
.. 55A 10 .063 55.0
42A 10 .791 65.0
47 10 .606 55.0
3 60 10 .606 54.0
60A 10 .593 64.2
.. 36 10 .296 64.0
4A 10 .0296 50.0
36A 10 .593 67.0
47A 10 .791 67.0
59A 10 .920 64.0
46A 10 .460 62.0
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